The incidence of pertussis cannot be directly measured; estimates are generally based on data sources such as notifications, hospitalisations and deaths. However, these data represent only a proportion of the total cases occurring in the community. The accuracy of notification data may vary between states and territories or over time due to different surveillance practices and as new diagnostic tests are introduced. These surveillance issues, and the typical three-to-five-year cycles of pertussis epidemics, make comparisons over time and between states and territories difficult. However, the comparisons should be more valid for hospitalisation data than for notification data, because methods of collecting hospitalisation data are likely to be more uniform. Some variation in incidence by geographical area is to be expected, depending on the timing of the last epidemic and also on geographical differences in past or present pertussis vaccination coverage. If geographical variations in pertussis notifications reflect real variations in pertussis incidence rather than reporting differences, areas with high infant (aged less than 12 months of age) notification rates would be expected to have high infant hospitalisation rates. This article describes and compares the notification and hospitalisation rates in infants for pertussis, by health area, over a period incorporating two pertussis epidemics in NSW. 
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METHODS

Medical
Rates were calculated using Australian Bureau of Statistics (ABS) mid-year estimated resident populations for NSW. For hospitalisation data, the mid-year population estimate for the first half of the financial year was used as the denominator.
RESULTS
Between July 1993 and June 1999, 721 cases of pertussis in infants were notified, 291 (40 per cent) of whom were recorded on the NDD as being hospitalised. Infants accounted for six per cent of total pertussis notifications. During the same period, there were 949 infants hospitalised with pertussis in the ISCOS, accounting for 61 per cent of total pertussis hospitalisations. Notification and hospitalisation rates peaked in 1993-94 and again in 1997-98 (Figure 1 ). The notification rate became closer to, but remained less than, the hospitalisation rate over time (Figure 1 ).
There was considerable variation in hospitalisation and notification rates between the 17 area health services ( Table 1 ). The overall ratio of notifications to hospitalisations for the six-year period was 1:1.3, but this ratio varied by health area from 1:0.9 in the Hunter, Northern Rivers, Mid North Coast and Mid Western areas to 1:2.2 in South Western Sydney. For each of the metropolitan areas, except the Hunter, the total number of hospitalisations in the 0-11 months age group was greater than the number of notifications for the same age group. This was also the case in half the rural areas. The Hunter and Central Coast Areas, which are adjacent, had similar hospitalisation rates but their notification rates differed.
DISCUSSION
This comparison of infant notification and hospitalisation data highlights the extent of under-notification and the degree of variation between the health areas in notification and hospitalisation rates. Although only a proportion of infant pertussis cases (those with severe disease) are hospitalised, the number of hospitalisations exceeds the number of notifications by 32 per cent. This is similar to the pattern seen nationally, 4 and in New Zealand. 5 As the infant notification rate is lower than the hospitalisation rate, it must underestimate incidence considerably. Pertussis is more severe in infants compared with other age groups, hence the need for accurate data to target infants in pertussis control programs. In order to better control infant pertussis it would be useful to have a measure of incidence. Hospitalisation data are less subject to variations in reporting practices than notification data and therefore may be more useful for monitoring trends in incidence among infants than notification data. Notifications of pertussis by medical practitioners, as opposed to laboratories, have been shown to be low in South Eastern Sydney and the Northern Rivers Health Areas. 6, 7, 8 In addition, a recent survey of symptoms consistent with pertussis in Western Sydney children found the parent-reported rate of doctor-diagnosed pertussis in the previous 12 months to be 12 times greater than notifications. 9 The extent to which the differences in notification rates between areas reflect differences in incidence versus differences in diagnostic and notification practices is difficult to determine using notification data alone. However, the comparison of infant notifications and hospitalisations in each area over the same time period provides some insights. The health area with the highest average annual notification rate was Northern Rivers. Northern Rivers also had the second highest hospitalisation rate (the highest was the Far West, but this was calculated on very few cases) suggesting that pertussis incidence in this area is higher than in other areas. This is likely to be related to vaccination coverage. Northern Rivers has the lowest pertussis vaccination coverage of any area health service in NSW, with only 81 per cent of children aged 12 months being recorded on the Australian Childhood Immunisation Register as having received three doses of a pertussis-containing vaccine in 1999. 10 A wide range in notification rates by geographical area has also been observed in Victoria. 11 The Hunter had a much higher notification rate than the geographically adjacent Central Coast, with the average annual infant notification rate in the Hunter being 230 per cent higher than that in the Central Coast. In contrast, the average annual infant hospitalisation rate was only seven per cent higher in the Hunter, suggesting that the degree of under-reporting is greater in the Central Coast than in the Hunter. The ratios of notifications to hospitalisations for the health areas give an indication of the relative extent of under-reporting in each health area. Some health areas may more actively seek cases, particularly if they are experiencing an outbreak. Some of the differences in ratios may be due to doctors and/or laboratories in the area being more or less willing to notify. This may have more of an influence on notification rates in less densely populated areas where there are fewer doctors or laboratories.
CONCLUSION
The epidemic pattern shown by notification and hospitalisation rates over time was very similar, suggesting that this reflects real variations in incidence. During the 1997-1998 pertussis epidemic, increased numbers of both notifications and hospitalisations occurred in almost all metropolitan health areas and some of the rural areas. However, only some of the geographical variations in notification rates correlate with hospitalisation patterns, suggesting that some of these are due to variations in surveillance practices. Although less timely, hospitalisation data are likely to be more reliable as a means of tracking infant pertussis and the effects of vaccination coverage over time.
